Periodic biological variations reflect interactions among molecules and cells, or even organisms. The Dictyostelium cAMP oscillatory circuit is a highly robust example. cAMP oscillations in Dictyostelium arise intracellularly by a complex interplay of activating and inhibiting pathways, are transmitted extracellularly, and synchronize an entire local population. Once established, cAMP signal-relay persists stably for hours. On a twodimensional surface, >100,000 cells may form a single coordinated territory. In suspension culture, >10 10 cells can oscillate in harmony. This review focuses on molecular mechanisms that cyclically activate and attenuate signal propagation and on chemotactic responses to oscillatory wave progression. Published by Elsevier Ireland Ltd.
Oscillatory signals in Dictyostelium discoideum
Dictyostelium discoideum are social amoebae that grow as individual cells in the presence of a nutrient-rich food source. During conditions of starvation, Dictyostelium discoideum cells spontaneously form signaling centers that secrete cAMP. Surrounding cells chemotax inwardly toward the cAMP source and synthesize and relay cAMP to more outlying, neighboring cells. These latter cells, in turn, follow the response-relay path, thus defining a territory and directing streams of chemotaxing cells toward the centers of signal-initiation. Eventually, these aggregate into groups of 100,000 cells and develop as a multicellular organism. Related species follow similar aggregation events, but utilize different chemoattractants.
Synthesis and secretion of cAMP during aggregation is not continuous. Outward propagation of cAMP from the signaling centers occurs with a ''wave-pattern'' and an oscillation period of 6 min. This ensures a directional movement of the chemoattractant signal with a defined positive temporal and spatial gradient. Cellular response during aggregation can be monitored in real-time by dark-field, video microscopy (see Fig. 1A ). The observed optical density waves reflect the different light scattering patterns of cells that are alternatively responsive and moving or adapted (see below), as they encounter and respond to the progressing waves (Devreotes et al., 1983; Rietdorf et al., 1996) . Synchronized cAMP oscillations can also be measured directly in suspension cultures of Dictyostelium (Fig. 1B) .
cAMP signaling is critical for many aspects of Dictyostelium development (Kimmel and Firtel, 2004; Kimmel, 2005) . In addition to directing chemotaxis, oscillatory signaling promotes an intracellular positive feedback loop necessary for the maximal expression of many of the components within the cAMP regulatory pathways. Following aggregation, cAMP signaling coordinates cell sorting, pattern formation, and morphogenetic changes. Wave-type oscillations within the multicellular organism can organize cell movement (Dormann and Weijer, 2001 ), but a more continuous response is required for post-aggregation and cell-type specific gene expression (Kimmel and Firtel, 2004; Kimmel, 2005 
